A custom-made microarray for Porphyromonas gingivalis was constructed to investigate the gene expression profiling during its in vitro growth. There was a strong positive correlation between the results of both microarray and quantitative real-time PCR analyses （r = 0.910, p < 0.01） . Many transcripts changed dramatically during the late-log to the early stationary phase. In a stationary phase, most of the transcripts decreased. However, transcripts related to the transposon function, oxidative stress, and energy metabolism were increased or sustained at high levels. More notably, the transcripts related to protein folding and protein stabilization, such as dnak, groEL, groES, and htpG, increased significantly after 10h in the stationary phase, suggesting that these chaperone proteins may play an important role in bacterial survival. All together, our custom array is useful for transcriptional research for P. gingivalis. It provides that the gene expressions are growth phase-specific and are changed dramatically in response to environmental change during bacterial culture.
Introduction
Porphyromonas gingivalis, a Gram-negative bacterial pathogen, is closely associated with adult periodontal disease. This bacterium is known to possess many virulence factors, including fimbriae, proteases, hemagglutinins, and capsular polysaccharides (1) . Microorganisms are often able to adapt to large changes in their environment. This is particularly true for organisms living in the mouth, where they are exposed to dramatic changes in oxygen tension, osmolarity, temperature, pH, and bacterial cell density (2) .
Moreover, several reports have demonstrated that the expression of putative virulence factors in P. gingivalis is regulated by environmental conditions, such as hemin, pH, and temperature (3) (4) (5) . Thus, adaptation to the environmental changes in the mouth must involve direct changes in the synthesis of virulence factors.
Cultivated bacteria are usually used in an in vitro study.
However, it seems that researchers may not consider the bacterial growth phase carefully, even if they use the bacteria during exponential growth. In comparison with the eukaryote, it is well known that bacterial transcripts are breakable and the cell division is performed in a short time, indicating that the bacterial gene expressions are changeable during its growth. Therefore, it is important and interesting to know the profiling of interested gene expressions during growth.
Recent technological advances have made it possible to study global gene expressions in both prokaryotes and eukaryotes by using DNA microarray. For example, the global pattern of growth phase-dependent gene expression is analyzed in Helicobacter pylori during growth in vitro, finding that the late-log phase may be the most virulent and pathogenic phase of growth (6) . The gene expression patterns of biosynthetic, regulatory, and ribosomal proteins in Streptomyces coelicolor are analyzed from alterations in gene expression during the growth (7) . Also, the investigation under iron starvation conditions in H. pylori demonstrates that gene expressions between exponential and stationary phases are different responses for growth-inhibiting stress (8) .
P. gingivalis is one of the most well-studied oral microorganisms. Also, the genome sequence of P. gingivalis strain W83(9), ATCC33277(10), and TDC60(11) were completed.
However, it is difficult for us to expect that commercebased microarrays for oral microorganisms are released. In this report, we prepared a custom-made microarray for virulence-associated genes in P. gingivalis and examined their gene expression profiles during in vitro growth.
Materials and Methods

Microarray procedure
DNA probes for spotting on an array were amplified by PCR from 92 virulence-related genes of P. gingivalis. The average size of these amplicons was 615 bp. In addition, three kinds of human gene encodings β-actin, GAPDH and lactoferrin receptor were amplified as the external controls.
Purified PCR products were diluted to a final concentra- 
Hybridization and scanning
The 55 μL of labeled cDNA mixture was denatured at 95 Global gene expression was compared among growth phases using Welch ANOVA, and then subjected to hierarchical cluster analysis using the average linkage clustering method (13) . To compare between growth stages, t-test was used. Values of p < 0.05 were considered significant.
Quantitative real-time PCR（QRT-PCR）
Quantitative detection was performed with a DNA Engine Opticon TM Continuous Fluorescence Detection System Version 1.0（MJ Research, Alameda, CA, USA） using a QuantiTect SYBR Green PCR Kit（Qiagen） . The primer sequences are listed in Table 1 . 
Results
Global gene Expression profiling during bacterial growth
The reliability of the microarray data was shown in Based on our statistical analysis of 95 genes including three external controls, we subjected 92 to further analysis.
On the whole, transcription levels were increased during both EL and LL, as compared to ML, and were then reduced Table 1 Primer sequences used for QRT-PCR that in the ML sample. There was a strong positive correlation between the results of both analyses（r = 0.910,
Hierarchical cluster analysis
Hierarchical cluster analysis of the 92 genes was performed. The kinetics of the changes in their expression during growth were divided into five clusters and evaluated （Fig. 3, Table 1） . The genes belonging to clusters 1 and 2
accounted for 62％ of the target genes in this study. In both clusters, gene transcription was sharply lower in ST-E, but then declined more gradually during the period from ST-E to ST-10 in cluster 2 than in cluster 1. Cluster 1 contained many genes encoding components of peptideglycan（murC and murG) (14, 15) , cell division-associated proteins（ftsA and ftsZ)(16), a fimbrillin and the surrounding ORFs（one 
Characterization of each growth stage
Discussion
We have developed a custom DNA microarray for P. These results indicate the custom-made microarray is useful for a research of global gene expression in P. gingivalis.
The reliability of a relative comparison depends largely on the normalization of unwanted variations between samples.
In eukaryotes, the average transcriptional levels of all genes on the chromosome are frequently used for normalization.
Alternatively, constantly expressed genes, often selected from among housekeeping genes such as β-actin and GAPDH, are used as internal controls for normalization of the results. In prokaryotes, on the other hand, 16S rRNA has been frequently used for normalization. However, the expression is not stable during the growth because it depends on protein expressions. More notably, the expressions decreased remarkably after ST, as shown in this study.
In addition, the rRNA copy number, as determined by QRT-PCR, was approximately 1,000 to 50,000-fold higher than our interested inducible genes（data not shown） . All together, pre-labeled external controls（β-actin, GAPDH, and lactoferrin receptor genes in humans）were used for normalization among samples.
Little is known about whether the difference of the bacterial growth stage used in our study will influence our target gene expressions. For study, most researchers use bacterial cells grown in the logarithm phase, especially from the mid-log to late-log phase in order to keep the cell mass.
Therefore, we examined a relative rate of the gene expressions in other growth phases normalized with gene expressions in ML.
In this study, dramatic changes of transcripts in EL and LL were shown rather than in ML. In addition, most transcripts declined after LL. Interestingly, transcripts in cluster 4 continued increasing even in the stationary phase.
Among these, transposon is known to be one of the mobile DNA elements that mediate genome rearrangement by inserting themselves within and between genomes. It is noteworthy that their transcription increased significantly during the period from LL to ST, as we have found that spontaneous mutation often occurs in long-term cultures.
Correspondingly, the gene expressions in cluster 3 were also characteristic. They were minimized in ST-E and subsequently increased in an ST-10, but nevertheless the expression levels of 80％ genes showed the minimum. Four of five genes in cluster 3 were stress proteins（dnaK, groEL, groES, and htpG） . This is indicative of a cellular response to environmental stresses such as oxidative stress, osmotic P. gingivalis exhibits a complex response to oxidative stress, which accounts for its aerotolerance (24) (25) (26) . The expression of genes such as ahpCF, dps, ftn, cydA, sod, tpx, and groEL increased during EL, suggesting these genes may have responded to residual oxygen in the culture medium, present despite incubation in an anaerobic chamber three days before use. 
